Activation of the mTOR signaling pathway in renal clear cell carcinoma.
We determined the frequency of mTOR/p70S6 kinase signaling pathway activation in clear cell renal cell carcinoma. Phospho-S6 (Ser235/236) and phospho-mTOR (Ser2448) staining was performed on renal tumor tissue microarrays containing 29 clear cell renal cell carcinomas. Mutational analysis of Rheb and RhebL1 was performed on DNA from phospho-mTOR/phospho-S6 positive clear cell renal cell carcinoma. The 3 clear cell renal cell carcinoma derived cell lines A498, 786-O and Caki1 were also assessed for mTOR activation and the effect of the mTOR inhibitor rapamycin (Biomol) on proliferation. Moderate or strong phospho-S6 immunoreactivity was found in 17 of 29 clear cell carcinomas (59%), of which 14 were also moderately/strongly positive for phospho-mTOR (Ser2448). We hypothesized that this activation of the mTOR signaling pathway in clear cell renal cell carcinoma could reflect mutational activation of Rheb or RhebL1, which are Ras family members that directly activate mTOR. However, no mutations in exons 3 and 4 (homologous sites of Ras activating mutations) in Rheb or RhebL1 were identified. Two of 3 renal clear cell carcinoma derived cell lines also showed inappropriate S6 hyperphosphorylation. Treatment of all 3 cell lines with rapamycin significantly decreased S6 phosphorylation and proliferation. The mTOR/p70S6 kinase signaling pathway is activated in most clear cell renal cell carcinomas. Moreover, the growth of renal clear cell carcinoma derived cell lines is inhibited by rapamycin. This is especially significant in light of new agents such as CCI-779, an ester of rapamycin and inhibitor of mTOR, which has shown promise in the treatment of renal carcinoma.